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@ Data transfer controlling device. 

(57) A data transfer controlling device (12 :13) of a direct memory access contrdler (PWSC) type mdudes 
a transfer number data storage (131), a transfer number updating decren^nter (130), a data setter (132) 
for setting predetennined initial data in the transfer number data storage (131), a terminal counter (121) 
with a decrementer (120) or an area counter (171) with a decrementer (170), a memory address r^isier 
(141), an address updating section (140), and a DMA execution control section (100). The number of 
times' of transfer for the subsequent DMA transfer is automatically set when the number of DMA 
transfers to be successively executed in response to each DMA transfer request has been completed. 
Immediately thereafter, the DMA transfer is repeated in resporee to the subsequent DMA tranter 
request When the DMA transfer has bean completed to the final data in the DMA transfer source regran 
of a memory, it is placed in an Inhibited state. Thus. DMAC can respond to the DMA transfer request 
issued from a peripheral device at a high speed. 
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BACKGROUND OF THE INVENTtON 

The present invention relates to a data transfer 
controlling device for performing a data transfer be- 
tween a memory and a peripheral device in a direct 
memory access (hereinafter referred to as "DMA") 
system. 

In many cases, an information processing system 
using a microcomputer transfers a large amount of 
data between a peripheral device and a memory, pro- 
cesses the data by a central processing unit (CPU) 
and further transfers the processed data to another 
peripheral device and memory. For example, in a print 
control/processing system, a GPU receives data from 
a host computer, processes the received data and 
transfers the processed data to a printing device at the 
rate of the data of one character in response to one 
transfer request from the printnig device. In this case, 
if the above data transfer is executed in an interruption 
routine in accordance with an jpleiTuption request 
frorn a peripheral device (e.g., printing device) to the 
CPU, overiiead (time taken for ttie interruption pro- 
cessing) of the CPU will increase thereby to reduce 
the efficiency of data processing in the system. In 
order to obviate such inconvenience, a direct menwy 
access controller (hereinafter referred to as "DMAC") 
has been proposed as a data transfer controDing 
device dedicated to contrdling the data transfer. 

The data transfer using DMAC (hereinafter refer- 
red to as "DMA transfer^ fe carried out as follows. 
First several kinds of items of information such as a 
memory address for which the data transfer is to be 
made and the nwnberof DMA transfers are previously 
set in DMAC by means of an instruction execution by 
CPU . When DMAC detects a request of DMA transfer 
sent from a peripheral device such as a printing 
device and a display device, it requests CPU for the 
privDege of using a bus. When CPU detects this 
request, it delWers tiie privilege of using the bus 
including an address bus and a data bus to DMAC. 
Using tiie delivered bus, DMAC produces an ftem of 
address information and a read/write signal to transfer 
the data stored in a memory to the peripheral device 
which requested the DMA b^nsfer. 

Thereafter, tiie requested number of DMA trans- 
fers (e.g., corresponding one character to be printed) 
wBI be repeated. When such data transfer is com- 
pleted, DMAC informs the CPU of completion of the 
DMA transfer requested. When CPU detects the corrv 
pletion of the DMA transfer, ft executes an interruption 
processing and an interruption processing program 
routine. In the interruption processing program 
routine, CPU resets several kinds of control Infor- 
mation for DMAC for preparation of ttie subsequent 
DMA transfer. Thus, ttie DMA transfer v«ll be carried 
out again. 

Now, referring to the drawings, explanation wiB be 
given of data transfer from a memory to a peripheral 



device using the conventional DMAC. 

Fig. 1 is a block diagram showing the main part 
of a conventional information processing system; 500. 

The information processing system 500 is com- 
5 posed of a microcomputer 501 including a CPU 511 
and a DMAC 512, a memory 503 and a peripheral 
device 502. 

CPU 51 1 incorporates a program counter (PC), a 
program status word (PSW). several kinds of regis- 
10 ters. Using them, CPU 511 controls the operation of 
the t retire information processing system 500, includ- 
ing controPing the execution of several kinds of 
instructions, and controlling the privilege of using a 
bus 505 through which an address signal, data, and 
15 a read/ri^ht signal are passed. 

DMAC 512 is composed of at least one set of a 
memory address register (MAR) 513 for storing the 
address information to be subjected to the DMA trans- 
fer, aterminal counter (TC) 514 for storing the number 
20 of data to be transferred and a terminal counter rrvvlr 
ulo register (TCM) 51 5 fw storing an initial value of tiie 
number of data to be transferred. Prior to starting the 
DMA transfer, CPU 511 prevfously sets in MAR 513 
the address for which the DMA transfer is to be started 
25 and sets In TC 514 and TCM 51 5 the number of data 
to be transferred in response to each DMA transfer 
request made. When DMAC 512 detects the signal 
520 of requesting the DMA transfer supplied from the 
peripheral device 502, it acquires tiie privilege of 
30 using the bus 505 from CPU 51 1 through an exchange 
of a bus hold requesting signal (HLDRQ) which 
requests CPU to hold the privilege of using the bus 
505 and a hold acknowtedlge sgnal (HLDAK) which 
petmts DMAC 51 2 to use the bus 505, and then exec- 
35 utes tiie DMA transfer between the memory 503 and 
the peripheral device 502. 

Memory 503 is composed of a program region for 
CPU 51 1 , a data area, a DMA transfer source region 
A 530 and a DMA transfer source region B 531 , and 
40 Stores, under the control by CPU 51 1 or DMAC 512, 
several kinds of data for the information processing 
system 500 ttirough the bus 505 through which an 
address signal, data and a read/write signal are pas- 
sed. In operation, prior to starting ttie DMA transfer, 
45 CPU 51 1 writes the data to be DMA-transferred in the 
DMA transfer source region A 530. Upon completion 
of write offina! data intiie DMA ti^nsfer source region 
A 530, CPU 511 permits executing the DMA transfer 
for the DMA transfer source region A 530. Then, 
50 DMAC 512 burst-transfers (or collectively transfers) 
the data stored in thei DMA transfer source regk>n A 
530 to the peripheral device 502. It should be noted 
ttiat during the period other than execution of the DMA 
transfer for ttie DMA transfer source region A 530, 
55 CPU 511 writes the DMA-transfer data in ttie DMA 
transfer source regton B 531. After DMAC 512 conv 

pletes tiie DMA transfer to the final data for ttie source 
region A 530. it wOl execute tiie DMA transfer in ttie 
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source region B 531 rf the data to the final data have 
been stored in the region B 531 . Thus, ttie DMA trans- 
fer source regions A 530 B 531 wfll be alternately 
subjected to the DMA transfer by DMAC 512 or the 
storage by CPU 51 1. 

Detailed explanation wil be given of the DMA 
transfer operation t>etween the memory 503 and the 
per^heral de^'ce 502. 

When the necessity arises for the peripheral 
device 502 to receive ttie data to be DMA-transferred 
conesponding to the number of times set in TC 514, 
the peripheral device 502 activates the DMA transfer 
requesting signal 520 to supply it to DMAC 512. In res- 
ponse to activation o»-the DMA transfer requesting 
signal 520, DMAC 512 acfivates the HLX>RQ signal 
522 to require CPU 51 1 to hold the privilege of using 
the bus 505. 

Meanwhile, CPU 511 executes a predetenmined 
program processing including creating data and stor- 
ing the created data in the DMA transfer source region 
A 530 and £dso always monitors the status of the 
HLDRQ signal 522 supplied from DMAC 512. Now. 
when CPU 511 detects activation of the HLDRQ sig- 
nal 522, wfth the contents of PC, PSW and several 
kinds of registers t>eing held atthetrvalues during pro- 
gram execution, it activates the HLDAK signal 523 to 
inform DMAC 512 of having given the bus using 
privSege. 

DMAC 512 which has acquired tiie bus using 
privilege sends the address information for the DMA 
transfer in ttie DMA transfer source region A 530 to 
the txjs (address txjs) 505, and also activates the 
memory read signal to send the transferred data onto 
the bus 5(^. Subsequentiy. DMAC 512 activates the 
memory write signal (or DMA acknowledge signal) 
521 to wrfte the DMA-transferred data m tiie 
peripheral device 5QZ 

Each tkne the DMA transfer has t>een made, the 
content of the memory address register MAR 513 is 
updated, aiKl the content of the terminal counter TC 

514 which stores the numt)er of transfer data is decre- 
mented by *1'. DMAC 512 repeats the above DMA 
transfer* When DMAC 512 completes tiie DMA trans- 
fer tyy the predetermined numt>er of times (ttie content 
of TC 514 has been decremented to "0*^, it makes the 
HLDRQ signal 522 inactive so as to inform CPU 511 
of aix3rting the bus using priviege. Thus, CPU 511 
takes ttie bus vstpq priviege and resumes the 
progran execution. Further, DMAC 512 presets the 
value of the tennrwial courtor moduk) register TCM 

515 Into the terminal counter TC 514 to inftsalize TC 
514 in preparation for tiie sut>sequent request of the 
DMA transfer, and activates a DMA interruption 
requesting sgnal 524 to mfonn CPU 511 of the com- 
pletion of the DMA transfer 

When CPU 511 receives the signal 524 from 
DMAC512. itsaves PCandPSWtowardastackarea, 
and starts tiie interruptx>n processing program 

k-^^^ 
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routine. In this program routine, for example, as seen 
from the flowchart of Fig. 3, in order to jp)revent the 
data stored in the memory region other than the DMA 
transfer source regions from being DMA-transferred, 
5 the number of interruptions that have occurred (the 
number of times when TC has been decremented to 
"0") is counted. And, when the numt>er of times 
becomes a predetermined value, a decision that the 
data transfer has been carried out to the final data In 
10 the DMA transfer source regions is made. On the 
basis of this decision, the DMA transfer Inhibited by 
resetting a transfer permission bit, for example. 
Further, the DMA transfer starting address of the DMA 
transfer source region B 531 is set in MAR 513. If, at 
15 this time, writing the data to t>e transferred to its fmal 
data in the DMA transfer source region B 531 has 
l>een completed by CPU 511, the process of permit- 
ting the DMA transfer for fbe source region B 531 is 
mnda. Upon completion of executing the interruption 
20 processing routine, CPU 511 recovers PC and PSW 
irom the stack area. 

The information processing system using the 
prior art DMA transfer controlling method and 
apparatus hitherto explained has the following 
25 defects. 

As seen from Fig. 4, upon completion of a pre- 
determined number of times of the DMA transfer in the 
atxyve information processing system, CPU 51 1 exec- 
utes an interruption process of saving PS and PSW to 
30 a stack regk>n and recovering them therefrom, and 
also an interruption program process such as examn 
ning if the DMA transfer for the DMA transfer source 
region has t>een completed to its final data and if corrv 
pleted, inhibiting tiie DMA transfer ® in Fig. 4). WhSe 
35 the interruption process and the interruption program 
process are being executed, DMAC 512 must hold the 
DMA transfer request '^ued from the peripheral 
device @ in Fig. 4). Specifically, the DMA. transfer 
request must be hdd for a long time (tiie time required 
40 to respond to the DMA transfer request) from the 
issuance of the request to the actual executk>n of the 
DMA transfer. Furtiier, CPU deals with the process 
relating to the DMA transfer for a long time, so that it 
cannot execute the inherent process at a h^h speed. 
45 Partknjiariy, this is remarkable in a print control pro- 
cess system. Namely, in this system, tiie numl>er of 
times of transfer responding to each DMA transfer 
request can be set for the nurhber of bytes corre- 
sponding to one character data to be printed (3 bytes 
so if one character is composed of 24 x 24 dots). Thus, 
the DMA transfer Intenuption process must be exec- 
uted very frequentiy. 

Further, upon com^rietion of the DMA transfer to 
the final data for tiie DMA transfer source area, CPU 
55 inhibits the DMA transfer and this inhibition is done 
within the Int^ruption process. Therefore, if the sul>- 
sequent DMA transfer request is issued during the 
period until the inhibiting time ® in fig. 4), DMAC will 
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DMA-transfer the data existing in the memory region 
other than the DMA transfer source areas. 

SUMMARY OF THE IIWENTION 

5 

An object of the present invention is to provide a 
data transfer controDing device which can respond to 
DMA transfers at a high speed. 

Another object of the present invention is to pro- 
vide a data transfer controlling device which can io 
effectively use hardware resources. 

In accordance with one aspect of the present 
invention, there is provided a data transfer controlling 
device which perfomis ttie data transfer between a 
memory having a DMA transfer source region and a is 
peripheral device in a direct menrK>ry access (DMA) 
system, characterized by comprising;- 

a transfer number storing means for storing the 
number of times of DMA transfer to be successively 
executed in response to each DMA transfer request; 20 

a transfer number updating means for updating 
the value of the transfer number storing means at 
each execution of the DMA transfer 

a data setting means for setting predetemiined 
data in the transfer numtter storing means when it is 25 
updated to a predetermined value; 

a counter means for storing the value relating 
to the data which have not yet been DMA-tranfen-ed 
of the data stored in the DMA transfer source region; 

a counter updating means for updating the 30 
value of the counter means; 

an address storing means for storing addres- 
ses of the DMA transfer souce region; 

an address updating means for updatoig the 
value of the address storing means at each execution 35 
of tiie DMA transSer; 

a detecting means for detecting whether the 
DMA transfer has been executed to the final data in 
the DMA transfer source region; and 

a DMA execution control means for stopping 40 
the DMA transfer on the baste of the result of such 
detection. 

In accordance with another aspect of the present 
invention, there is provided, instead of the terminal 
counter, an area counter for storing the number of 45 
times of repeating of the DMA transfer to be succes- 
sively executed. 
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The at>ove and other objects, features and advarv 
tages of the present invention mill be apparent from 
the follovwng delafled description of the preferred 
emt>odiments of the invention taken in conjunction 
with the accompanying drawings, in which:- 55 
Fig. 1 is an infbnnation fM-ocessing system incor- 
porating the conventional DMAC; 
Fig. 2 is a memory map of the conventional DMA 



transfer source region; 

Fig. 3 fe a flowchart of the processing of CPU in 
the conventional DMA transfer. 
Fig. 4 is a sequence diagram of the processing of 
CPU and DMA transfer in tiie prior art; 
Fig. 5 is a block diagram of an information proces- 
sing system incorporating a DMAC according to 
a first embodiment of the present invention; 
Fig. 6 is a block diagram of the main part of the 
DMAC according the first eml>odiment of tiie pre- 
sent Invention; 

Fig. 7 is a merrwry map of DMA transfer source 
regions in the first embodiment according to the 
present invention; 

Fig. 8 is block diagram of the main part of DMAC 
in a second embodiment of the present invention; 
and 

Fig. g is a sequence dia^am of the processing of 
CPU and DMA trartsfer in the eml>odinrten!s of the 
present Invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMEr^S 

Now, referring to the drawings, explanation wDl l>e 
given of embod&nents of the data transfer controlling 
device according to the present invention. 

Fig. 3 shows an affangement of the information 
processing system provided with a rracrocomputer 1 
incorporating a Df^C 12 which is a data transfer con- 
trolling device according to the present inventionr. Fig. 
6 shows an anBngement of the main part of DMAC 1 2 
shown in Fig. 5. Microcomputer 1 comprises a central 
processing unit (CPU) 11, a peripheral device 10 
(e.g., data receiving contrd circuit), and DMAC 12 
which is a data processing device for controlling the 
data transfer between a peripheral device 2 and a 
memory 3. 

Microcomputer 1 serves to control the entire infor- 
mation processing system. For example, CPU 10 pro- 
cesses the data received through peripheral device 
10 and stores the processed data in a DMA transfer 
source region A 30 or B 31 located in memory 3, and 
DMAC 12 transfers the data stored in the source reg- 
ion A 30 or B 31 to another peripheral device 2 (e.g., 
printer contrd devk^). 

Peripheral device 2 is provkJed with a buffer for 
read/write of data. It executes the processing inherent 
to tiie peripheral device such as a print processing 
and di^iay processing on the basis of the data sent 
to the buffer by DMAC 12. 

MenrKny 3 is composed of a program region for 
CPU 1 1 , a data region, and DMA transfer source reg- 
ions A 30 and B 30, which are two parts into which a 
DMA transfer region is divided. Menwry 3 stores sev- 
eral kinds of data for the information processing sys- 
tem through a bus 5 under the control of CPU 11 or 
DMAC 12, 
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CPU 1 1 within microcomputer 1 incorporates PC, 
PSW» aevonrf kinds of control roisters, and serves to 
control execution of several kinds of instructions and 
ttie prTv9ege of using a txjs through which an address 
signal, data, and read/write signal may pass. 5 

As shown in Fig. 6, DMAC 12 within microcompu- 
ter 1 is composed of a memory address register 
(MAR) 141 for storing fhe address information for 
DMA transfer In DMA transfer source region A 30 or 
B 31, a pointer updating ^-leciion 140 for updating the io 
content of MAR 141 , a down counter modulo register 
(DCM) 132 for setting the number of times (initial 
value) of the DMA transfer to l>e successively exec- 
uted in response to each DMA transfer request issued 
from peripheral device 2, a down counter (DC) 1 31 for iS 
stonng the number of data which are not yet DMA- 
tra nsfe ued of the data to t>e DMA-transferred in res- 
ponse to the DMA transfer request issued from the 
periptieral device 2, a decrementer 130 for decre- 
menting the content of DC 131, a terminal counter 20 
(TC) 121 for storing the number of data which are rK>t 
yet EM4Atransferred of the data stored in DMA trans- 
fer source region A 30 or B31 , a decrements 120 for 
decrementing the content of TC 121, and an execu- 
tion control section 100 for making the control of the 25 
eritire DMAC which includes controls of the privilege 
of using the t>us 5 which is to be selectively given to 
itself or CPU 11. transfer timings during the DMA 
trartsfer and updatir>g internal registers. 

Now, referring to f^igs. 7 and 9, explanation will be 30 
gWen of the software procesdng on the side of CPU 
11 HI transforring data from memory 3 to peripheral 
devk:e2. 

As shown in Fig. 7, DMA transfer source regions 
A 30 and B31 are dhrided into several areas each 35 
irKkufing the number of data to be successhrely DMA- 
transfBrred m response to each DMA transfer request 
issued from peripheral device 2. Specifically, DMA 
transfer source regton A 30 consists of an area 1 
winch is to t>e successively subjected to the DMA 40 
transfer n response to the first DMA transfer request, 
an area 2 which Is to be successively subjected to the 
DMA-transfer in response to the second DMA transfer 
request, and an area n whk^h b to t>e successively 
subjected to the rv-th DMA transfer request DMA 45 
transfer source region B 31 also consists of an area 
1 whl^ is to t)e successivdy subjected to tt)e DMA 
transfer In response to the first DMA transfer request, 
an area2 whic^i is to t>e successtvety subjected to the 
DMA-transfierinresponsetothesecondDMAtransfer 50 
request, ... and an area m which is to t>e successively 
subjected to the m-th DMA transfer request Before 
DMAC 12 starts the D MA transfer, CPU 1 1 processes 
the data received through the peripheral device 10, 
and wrttes the processed data in DMA transfer source 55 
region A 30. CPU 1 1 , after having written the final data 
@) lntfiearean)ln DMA transfer source region A 30 
Incizes in MAR 141 a DMA transfer starting address 
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for the DMA transfer source region A 30, in DC 131 
and DCM 132 the number {'4' in Fig. 7) of data to be 
successively DMA-transfen-ed in response to one 
DMA transfer request issued from peripheral device 
2, and in TC 121 the number of data (Mn" which is n 
times of the numt^er of data set in DC 131 in Fig. 7) 
stored in DMA transfer source region A 30. Thereaf- 
ter, CPU 1 1 places the DMA transfer in a transfer per- 
missible state by setting a transfer permission bit, for 
example. Thus, DMAC 1 2 starts the DMAtransfer dur- 
ing which the data stored in DMA transfer source reg- 
ion A 30 will be tMjrsttransferred (or collectively 
transferred) to peripheral device 2 in the number of 
dato set in DC 131. Addittonally, CPU 1 1 , after having 
placed the DMA tran s fer in a penmissit>le state, will 
write the processed data in DMA transfer source reg- 
ion B 31. 

A detailed explanation w3l be given of the DMA 
transfer from DMA transfer region A 30 to peripheral 
device 2 by DMAC 12. 

When ttie necessity occurs for the peripheral 
device 2 to receive the DMA transferred data corre- 
sponding to the numt>er of data set in DC 131, the 
peripheral device 2 achates a DMA transfer request 
s^nal 20 for DMA transfer execution control section 
1 00. When the DMA transfer request signal 20 is acti- 
vated, DMA transfer execution control section 100 
acquires the bus using privilege from CPU 1 1 tlirough 
an exchange ctf an HLDRQ (signal) 22 and HLDAK 
(signal) 23 as descrit>ed in connection with the prior 
art 

In the DMA transfer in which data are transferred 
from DMA transfer source region A 30 to peripheral 
device 2, DMAC 12 issues the ad(fress information 
(the address of(3) in area 1 in Fig. 7) for the DMA 
transfer indicated by MAR 141 to the bus 5 to read ttie 
data-to-be-transferred from DMA transfer region A30 
on the tHJS 5, and also supplies an adcnowledge sig- 
nal 21 to peripheral device 2. In response to the ack- 
nowledge signal applied, peripteral device 2 takes 
in the transferred data. 

The content of DC 131 is read and decremented 
by "1" by decrementer 130 for each execution of the 
atxyve DMA transfer, and thereafter the decremented 
value by "1 " is rewritten in DC 1 31 . The content of TC 
121 is read and decremented l>y "1" by decrennenter 
120, and thereafter the decremented value is rewrit- 
ten in TC 121. Ftffther, for each execution of the DMA 
transfer, tiie content of MAR 141 is read and updated 
to the subsequent address (the address of2> of area 
1 in Fig. 7) for the DMA transfer by the pointer updat- 
ing section 140, and thereafter the updated value is 
rewritten m MAR 141. Therefore, DMAC 12 DMA- 
trartsfers the data stored in® of area 1 indicated by 
updated MAR 141. Thereafter, DMAC 12 DMA-trans- 
fers the data stored m® of area 1 in the same man- 
ner. When DMAC 1 2 has com(>leted the DMA-transfer 
of the data stored in® in area 1, namely, the content 
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of DC13t1 has been decremented to "0" (DC = 0) by 
decrenr^entter 130, a DC-zero detec^ng signal 151 is 
activated so that the value of DCM 1 32 fe preset in DC 
131. Then, if the DMA transfer request signal 20 has 
been successively issued from peripheral device 2, 
the above DMA transfer will be successively executed 
for area 2 in the ^me manner as for area 1. On the 
other hand, if not, DMA transfer execution control sec- 
lion 100 makes the HLDRQ signal 22 inactive to 
inform CPU 11 of having aborted the bus using 
privilege, thus completing the DMA transfer. 

As described above, for each activation of the 
DMA transfer request signal 20, the DMA transfer will 
be repeated for the number of times initialized in DC 
1 31 . If TCI 21 is decremented to "0", namely the DMA 
transfer is executed to the data stored in area n, a TC- 
zero signal 1 50 will be activated. DMA transfer execu- 
tion section 100 receives this signal to detect that aH 
the data stored in the DMA transfer source region A 

30 has been DMA-transferred. Then. DMA transfer 
execution control section 100 activates a DMA inter- 
ruption request signal 24 for CPU 1 1 and also places 
the DMA transfer in an inhibited slate. 

CPU 11, in an interruption processing program 
routine started owing to activation of the DMA transfer 
request signal 24, sets in MAR 141 the DMA transfer 
starting address for DMA transfer source region B 31 , 
Then, if the data to be DMA-transferred has t>een 
stored to reach the tmal data in the DMA transfer 
source region B 31 by CPU 1 1, ttie DMA transfer is 
placed in a permitted state. Thus, the san^e DMA 
transfer as for the DMA transfer source region A 30 
will be executed for the DMA transfer source region B 

31 startir>g from its area 1. 

The atx>ve processing is repeated so that the 
DMA transfer w9l be executed in such a manner that 
it is executed by the number of times set in DC 1 31 in 
response to each DMA transfer request and also 
when all the data stored in either one of the DMA 
transfer source regions A 30 and B 31 has been DMA- 
transferred, the DMA transfer is started for the other 
source region. 

Now refemng to Rg. 8, an explanation will be 
given of the second embodiment of the present inven- 
tion. Since the arrangement of the second emtjodi- 
ment is substantially the same as that of the first 
embodiment, only the components which are different 
from those of the first embodiment will be explained. 

In the second embodiment an area counter (AC) 
171 is provided instead of terminal counter TC 121 in 
the first embodin^nt AC 1 71 serves to ^ore the num- 
ber of areas whidi have not yet been subjected to 
DMA-transfer of the data. DMA transfer source region 
in this embodiment is divided in to several areas each 
area for the number <rf data to be successively DMA- 
transferred as a unit in response to each DMA transfer 
request 

CPU 1 1 initializes AC 171 before the DMA trans- 



fer for the DMA transfer source region A 30 is started. 
The DMA transfer is started in response to activation 
of the DMA transfer request signal 20 as in the first 
emt)odiment When the value of DC 131 has been 

5 decremented to zero, i.e., the DMA transfer has been 
completed for one area, a DC-zero detecting signal 
1 61 is activated. In response to this signal, the content 
of AC 171 is read out and decremented by "I" by a 
decrementer 170 and then the decremented value is 

10 rewritten in AC 1 71 . Thus, whenever DC 1 31 is decre- 
mented to zero, ihe content of AC 171 will be decre- 
mented by "1'. When AC 171 is decremented to zero 
finally, an AC-zero detecting signal 160 is activated. 
DMA transfer execution control section 100 receives 

IS this signal to detect that the DMA transfer for DMA 
transfer source region A 30 has been completed. 
Then, control section 100 activates the DMA interrup- 
tion signal 24 for CPU 11 and also places the DMA 
transfer in an inhibited state. 

20 In this way, in this second embodiment, the nunrv 

ber of areas which have not yet l>een subjected to 
DMA-transfer is set in AC171. For this reason, even- 
if the size of a DMA transfer source region is 
increased, it is not necessary to increase the number 

25 of bits to be set in AC 171 to the number of bits cor- 
responding to the size of the DMA transfer source reg- 
ion. Thus, the circuit arrangement required can be 
minimized. 

Additionally, it should l>e noted that, although in 
30 the first and the second embodBment, the address 
infomnafonfor DMA transfer was prepared by direcUy 
updating MAR 141, it can be prepared by making an 
addition or subtraction for MAR 141 and TC 121 in the 
anrangement similar to the present invention. 
35 As understood from the description hitherto 

made, m the DMAC according to the present inven- 
tion, the number of times of transfer for the subse- 
quent DMA transfer is -automatically set when the 
DMA transfers to l>e successively executed in res- 
40 ponse to each DMA transfer request have been conv 
pleted- Immediately thereafter, the DMA transfer is 
repeated in response to the subsequent DMA transfer 
request When the DMA transfer has been completed 
to the fffial data in the DMA transfer source region, it 
45 is placed in an inhibited state. For this reason, it is not 
necessary to start the interruption processing for each 
completion of the DMA transfer of the number of times 
to be executed in response to each DMA transfer 
request and to cause CPU to perform the processing 
50 Of inhibiting the DMA transf«- during the interruption 
processing program routine. For example, in the case 
where the DMA transfer is to be executed for the DMA 
transfer region dvided into n areas, the prior art must 
perform n number of times of interruption processing 
55 whereas the present invention has only to perform the 
interruption processing once. Thus, in accordance 
with the present invention, the processing efficiency 
of CPU can be unproved and also the DMA transfer 
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request which must t>e held during the CPU proces- 
sing in the prior art is not required to be held, thereby 
perrrutting DMAC to respond to the DMA transfer 
request issued trom a penpheral device at a high 
speed (see Fig. 9). 5 

Further. In the prior art, if the sufc»sequent DMA 
transfer request is issued during the period from com- 
ple1k>n of the DMA transfer in the DMA transfer source 
region to inhibition of the DMA transfer in the interrup- 
tion pro-am rcxjtine, the data ;^tomd in the memory io 
area other than the DMA transfer source region will be 
DMA-transferred. On the other hand, in the present 
invention, the DMA transfer is inhibited immediately 
alter the completion of the trar)sfer to the final data 
stored in the DMA transfer source region. Therefore, is 
the above difficulty involved with fiie prior art wil not 
occur. 

While the invention has been descn*bed in fts pre- 
ferred erTd>odiments, it is to be understood that the 
%ifoiti8 which have t>een used are words of description 20 
rather than limitation and that changes within the pur- 
view of the appended claoms may be made without 
depart ing from the true scope and spirit of the inven- 
tion in Iks tmader aspects. 



Claims 

1. A data transfer controlling device which perforrrts 

the data transfer t>etween a memory (3) having a 30 
DMA transfer source region (30) and a peripheral 
device (2) in a direct menmry access (DMA) sys- 
tem, characterized by comprising:- 

a transfier numt>er storing means (131) for 
storing the numtier of times of DMA transfer to tie 35 
suocesshrefy executed in response to each DMA 
transfer request; 

a transfer number updatirtg means (130) 
for updating the value of said trarfsfer number 
storing means (131) at each execution of the 40 
DMA transfer 

a data setting means (1 32} tor setting pre- 
determined data In said transfer numt>er storing 
means (131) when it is updated to a predeter- 
mined value; 45 

a counter means (121;171 ) for storing the 
value relating to the data which iiave r>at yet been 
DMA-transferred of the data stored in said DMA 
transfer source region (30); 

a counter updating means (120;170) for so 
updating the value of said countermeans; 

an address storing means (141 )for storir^ 
addresses of s^d DMA transfer source region; 

an address updating means (140) for 
updating the value cf said address storing means ss 
(141) at each execution of the DMA trarfsfer; 

a detecting means 

(151 ,120.150:1 61 .170.1 60) for detecting whether 
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the DMA transfer has been executed to the final 
data in the DMA transfer source region; and 

' a DMA execution control means (100) for 
stopping the DMA transfer on the basis of the 
result of such detection. 

2. A data transfer controlling device which performs 
the data transfer t>etween a memory (3) having a 
DMA transfer source region (30) and a peripheral 
device (2) in a direct n>emory access (DMA) sys- 
tem, characterised by comprising:- 

a transfer number storing means (131) for 
storing the number of tinnes of DMA transfer to t>e 
successively executed in response to each DMA 
transfer request; 

a transfer numt>er updating means (130) 
for updating the v^ue of said transfer number 
storing means (131) at each execution of the 
DMAtr^rf'ir; 

a data setting means (132) for setting pre- 
determined data in said transfer number storing 
means (131) when it is updated to a predeter- 
mined value; 

a terminal counter (121) for storing tiie size 
of the DMA transfer source region to t>e subjected 
to DMA-trar^er to t>e successively executed; 

a terminal counter updating means (120) 
for updating ti>e value of said terminal counter 
(121); 

an address storing means (141)fer storing 
addresses of said DMA transfer source region; 

an address updating means (140) for 
updatating the value of said address storing 
means (141) at each execution of the DMA trans- 
fer, 

a detecting means (151,120,150) for 
detecting whether the DMA transfer has been 
executed to the final data in the DMA transfer 
source region; and 

a DMA execution control means (100) for 
stopping the DMA transfer on the t>asis of the 
result of such detection. 

3. A data transfer controlling device according to 
daim 1. in which said counter means is an area 
counter (171) for storing the number of times of 
repeating of the DMA transfer to be successwely 
executed and said counter updating mear)S Is an 
area counting updating means (170) tor updating 
the value of said area counter (171) when it is 
updated to a predetermined value. 
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